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(54) DEVICE AND SYSTEM FOR WAVE SHAPING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device and 
system for wave shaping and to provide a device having 
large freedom for wavelength conversion. 
SOLUTION: The device includes at least two nonlinear 
loop mirrors (NOLM1, 2). Each of NOLM1 t 2 includes a 
first optical coupler 6 having first and second optical 
paths 2, 4 which are directionally coupled, a loop optical 
path 8 consisting of a nonlinear optical medium which 
connects the first and second optical paths, and a 
second optical coupler 12 having a third optical path 10 
which is directionally coupled to the loop optical path. 
The second optical path 4 of NOLM1 is optically 
connected to the third optical path 1 0 of NOLM2. 
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^>7'3t^ or 7-T'J>4. ^T, IHWBflafcr*«l 5 
W-ikm-ic7)7r^A'(iffi^DSFtit^-C2. 6/ 
15^1/5. 7SJS<7>l§r|S| tSfflBW**3SlCTifi 
T&4 . ±a*Oi 3 fca*<OP SFtlilOk mW£V 

*-r4HNL-DSFtCfe^>T{i. 1— 2kmg^(7)^ 

3TH«<j5a*W»^*i6ikt:**. Hffl±«. 7r 
-f^'A { S<^4^tl*t/h$< : 5r4<7)T% 
4^tf)tSt7 r >»n'^M< f 4 i k*»'"C# 4 . Z<D X 
o izfts ^7 T*f v<jcjs (±. ^WMRK^MWt^i 
< 9 , mTtSiHJi-4 i 3 t^T^^iO^* 3 ^ 
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aW»£B*>*fc*>tcli. ra-r*t*11^fcWlB<0Cl 

[0 043] El3{±NOLMfc*5ttl.fifflS-^cOi^HH|l 
•C&S. ^^T'Ji, 3tSS2t«*&§n^^Ap r ob 
eorD-/MOTl 0K*fc3*l*j»||A s i g 

8 £B#|f 0 0 tCfsffi-t-SIS 1 kRl#tt HI 
fc. JteS-^fc LTco^ NVkXte, ft^T*? 1 2£iIoT 

[00443 fr-rymsiz&if&mamtg&iz. & 

[00453 A#'1feX2ttfflll ro-TV-wxcott* 
OWST-S^rC. ;W*-73ft&8 fc*J»t*A^ W*RVSGE 

[00463 *4 5 y^-fix Srffc'Jj'Wfcjrp* Ztztbetitt 

[00473 cicoj; 3 1. *3m<?>h&mmi,z£ & t . 

)V-T*m<nmftffllkM:* A 0 fc-fl-t#t. A s i g 
+ A P robe = 2A 0 ttl.ii:{:J:'>t v 

[00483 U6»U COid&ifcflieH&ho-Ci. 

mm&miz-ftitftkt. ziit/^®&mw&m®& 
£w&®i±ftmz£*)vm2ti&ztiz%2,. 



[00493 mmft£mL~t& t&xrm i o^ti. 

)V-rmt 8?>-MX\±£&t LTHNL-DSF£ffl 
V-^ZfcT**. HNL-DSFifflVltoH^dt 1 
-2kmm£0^£T'4^&^^t££&S<^ # 
Dtoi ItPtt# i < =5r 0 . ■ J&HMMfttfcWW >. *o 

«**tf5lifeo&*/lNS<Wi6it*«r##Uf. &t 
*W" J: < »«*tfc^WC* £ . IC 7r-f 

7*54x^Ki:938#'&:b-£T^< (31sD<7)-7r-f^^ 
[00503 &£<A«:X. .4^£v*S3*»«£#&<Ofc: 

jfi®ir^t=s^^4^»*fBrig4SS (mum. 

lOOmtlT) <07T-f^*^ft^3Rffl»U-C*iS. Bt 
[ 0 0 5 1 3 icoi o fcLT^flW*Jfc*rr 

[ 0 0 5 2 3 ±7 r A t^JjfWfrh tzm LX&&m* £ 

im&mw£iz~tiii$£w immgizskKz+im 
j<ftx-<7) 3 mmmmkiz^x^t. mm& 

WBB3ft*lc*iVvttt, #ISB^4 1 2 . 8kmSS 
^S* 1 ^.. *«)1/10SK. BP'felkmSBWlo 
OS^i:=3:S. WMh ^H83Bfl8Rr3&*l 5W 

- 1 k m- 1 CO 7 r W 3 0 m Wgl«# V 7"^ * V- £ 
fflvvt3<WH«K»«t:fcv^T:tt. ?M8?B^42. 2 k 
mW&lZ^&frb. *<r>\/\ OSS. BPfe2 0 0m^' 
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[00 53] ;<Oia*7T^^'fciSFWMoO^Sr 

1 0- 1 7 6 3 1 6^t£#f$$ix*:l\ 

[ 0 0 5 4 ] F WM<7)3££fc:J±. 7 T -f AcT^MSt 

<ntfWfrQhhi? \ torn* tfyyyt. m^rJtfoMi 

BS) *>LSvMI£j8*.4fc, FWM^H^SH^ffiT 
SBSioiWiJtliJE-fifcftfctt, tfVTftXii 

V \ *«)|R?)^^3K l o 0 k Hz WSX'-^Th 
[00 5 5] HI IZ^tltzHOLWIfimftt&tzWz 

-7ftii. /I^T3^8rt£#*imi3 9AtfBa*iHa 
[00 56 3 HNL-DSFSrfflV^tlCi-o't. « 

Trt<- 7tOS8 rtfc^Jt*Mift*WfciWW-6 £ b #T 
is. 

[ o o 5 7 } iSL 3^#0«ift«Wli«3W*jfcttro- 

[0 0 581 04 li*JEflHt J: *HT»0JIS 1 SSfigJB* 

*-fH-e*>s„ iiagawi. ^x^--Hgigg$^si 

tf^HMW^rS?- (NOLM1 ) RX/m2cr>jm& 
;l~7i7-(NOLM2) Sr^LTV^. NO LM 1 

stxNOLM2««-^a. ^ffeims^tLsmiat/m 

2<05e&2&tf 4 fc-£tfSS 1 cn%j}7y 6 fc . m 1 Atf 
IS2<03m23lt>*4&^-rS;P~7 , 3tK8i:. /t~ 7' 
3t«88^|fil14fe^$^l>m3«3tS8l 0££&&2tf) 

[ 0 0 5 9 ] m 1 Oft* 7 7 6«0# 77'J vyjtJiH^ 
WK1 : ltfg5g$flS. ^-7-3tSS8c0-gfX'±^S15 

n l- d s Fizz ->zmmztix^&. 

[0060] NOLMiatJ f NOLM2S-*7^--F^ 
^TS^t, NOLMlC0H2O3tK4'iN0LM2 
com 3 coftSS 1 0 tC3fe^fcgM^£ fi£ . 

[006 1] NOLMl^mic7)3feS82C'±. jfcgAj 



£#^&lflloru-73fc0<fti£$;fi£. NOLMltf) 
®3i03mi OCttttJtAg <*A,) &tfA7-P sl £ 
^-£A*ftfiW£££ft&. *<*>I6*. NO LM 1 
^2«»IW4*»&t*. ^A^^^-PsiS-^TU 

^Sn?t4 i ra3fcft^{±NOLM20^3^3fcKl Ofcft 

2 (*a,) £*^s3ji20To-7ft«&$ii&. -e 

*>*6*. NOLM2<^jg2<7)pt?fr4*^i±, »«A 2 #. 

^W-P put ^^Lfio^fBI^^t^JOitfeai* 
[0062] ^iatXm2c07-n-73fe^#^{i. CW 

Jf-f J ? o -y ? -C* o X l> £EV * . 

[0063] m4iz7r^ti&mmm\i2^<nim&)v 

-7S7-£fflV^2&a£-C'<&&#, i<0fl"MtdIt 

[0064] ( 2S«Jjg^^tf ) tf)#3£BJ 

(c J: SSSKli*i»S:< 1 2-^0"m*2:#f-S . 

[006 5] 1 1» *ffeHHtcJ: Ytli 
&ft^«eiJg*^§< ; 5:-l.„ M£{f- H5C7) (A) 

A 2 fc A 1 coHco^^L<^^ri,C:t^J: | 5. lg- 

J&'TJ**. ife, 05^0 (B) %£' 

A 2 Sr *S A B t=SHtWJc*L < SS-f h z~.bfci.iT. 
tiiggMZW oZ\b% UzftmmMZfr* oZb #T*# 
S„ 8S»Sff^i«lili 1 g«tl« 
TfoZ. m^liL^i)\ *ftA2 , i^A 1 b A s tco 

^ fe** £ j^-c # S ore. ^w-3^i»*«-&««te 

[0066] m2cr>%fWu$n*&mz x angfcfev^T 

^^fi { 1-cos (A*) } /2 = s i nHA<f>/ 

^M|gt (4rfttRBK) f n ( x ) l±J2tT*>Jt o lz&tz\ b 
[0067] 

f n (x) =s in' { W f (n . n (x)/2> 
f o ( x ) =x 

ifcfUTUSiJ:^^. n = 2«%^(C{±, n=l 
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Sk. t^mM£ONOLMT14#£ft&^£ft 

[0068] H4<(Cij%£;fLft JfeWKBTI** NOLM1 
&*/ N O L M 2 <T»V— 8 k LT H N L - D S F if 
m^$>hX\*h. HNL-DSF«Miih'7M/-l> 

n-7 mtM: (JSl Wn— 7ft<7)ifcft A , Xi±S? 2 O 
7-u- A 2 ) fO+BHtifiteK*** - k **# 

i^S. NOLMl&yTNOLM2<7)&* 

tijv^x 2m/v\sxmmmkw&&iz&&nx\ >? 

ffikb Tu-rmiMf?> if*. 6 * jE«*»««fcS1t L 
[0069] Zco& 3 *JHBO*iWBSfcJ:4 k . 

N O L M 1 CT»V—7%3&B, fcftflW £ H N L - D S F 

ttj ifcllA, k^A s ^SIS^4>FSW*^S!^^Sr^ 
tTfcO. NOLM2tO/P-T^8S:^-r-SHNL 

-D S F{i. SfcgAi kJftftA 2 ^H«6<j(=4'rac r )^t!c 

[0070] «V^t±4fc, ^frafcifc^S: 
£\ «7 * -7 * 7 £ g/Mrt § CI k Ore* =3ri V6*. <JC« 

at^rn-y^eftJ«ift«4rtWWfit ft * i fc fc* 0 , 

cik^-c#s. 

[0071] zcr>£ d tc % *JM*0A4Miiifc: J: 6 k , 

ifcK A i Rlf A s (4 N O L M 1 CO/I— 7*3K» 8 * ffift-f" § 

hnl — DSF <^lEft^H|MMi&t/^^iMRUo v vf 

tt*>-*(Cft 9 „ j£g A ! Mf A 2 (4 N O L M 2 CO/l— T 
7O&8 frt!^ 6HNL-D S FOjE»^IS^«aiXM 

*$Hft««<>>vvf*ijb»- Jricfc*. ZtiizX*). ^ifipp 

zm^&zttfTtzxsizzh. 

[ o o 7 2 1 04 izmzti&mtmmxn. ziv-v-yt 

&8$-HNL-DSF#>£,flij&L v CVi.g.. HNL-DS 
F fc* iXl±. f&fcOD S F £it<T 3 <&tt»$ffi&£ 



5-1 0fgfc±#<TS£k^ire$>6*:#>, firffl^ 
A*** fc^5fcfttoB3?0^^-k£3<z>afc 1/ 

5-1/1 ofc^sc fc* 1 "^**. tot, rats 
fyw-izm-mwzb i/5~i/i oTii.0. * 

fcSHBrr* i k . /W-7"*»8 tfe ft 
[0 0 73] .££>J:3fc, *^B«ofcSjHHtJ:4k, 

[0074] B7li#fWlfcJ: SHa<0lS 2 
^1"H"CJ)2.. i^Tti, NOLM1S.VNOLM2C0 
=g.*cO/l—7"3feS&8ti:. «.«0fcffS/7bA^/2*4-i 
S^SI5^8 - 1 RX/8 - 2*»4>46 . *^8 - 1 

iSaffifif7T-f A (PMF) Mtfiffc 

[0075] ¥gp#8 - 1&1>'8 - 2«0SJ(CJ: 9 J?-* 
^.tLSfiffl^^hJiA^k^r^^T-. H4WjlS^llk 

Pit- j; d Lxwmmi^mvS) h. 

[0076] mzzommmviz, )v~r^mB,^ 

^j&mm*>^r^s - 1 m/8 - 2om*t«iS«® 

SrB3£S*S^C0A/2««ltg2 4S:#linL-C^S. 
i<7)A/2«ffiltg2 4«±. Mifcf. ¥*0-8--l&tf8 

- 2 ^itt^sv \ tm^--?, J: d izztit> i'xy? A x 
mWrt-ZZbiz£*)&t>ti&. 

[0077] ztittzj: *) , mmh^tfxtiffimcomwi. 

*t1stfic#t^<=5r»). L*>fc. A/2lRI»l82 4*«ft 
toZHX^5><r>X\ #11»fia§7 r-f Aco 2 ffi^- h' 

[0078] ftfrWtti. 3t^75 6 

r-f A«o±W(c*fLT4 5' «ff$-frrts<c:k(cJ:o 
T, NOLMlc7)3ii^751 2*»fe;V— r36»8taiA 
Zti&^^nM&tfMlztm t ^^*§rf#S ^ 

k*«-C'^^. 

[0079]^. ^SSl*{i:. NOLM1 (0^77 1 
2 £ tf - L T ;W-T3KJ?S 8 feUV A 2tih Xh%^cnt n°7 
-tNOLM2«7fe*75 6Sr^LT;U-T3feS&8A^ 

KOaiSixSthTJ^fi^Av-k emzX. VfeMZii 
4. 

[0080] H8H*%B8fcJ: 6ilS[^*3SIIBBJB* 
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XPMI l zmj&&tti'7 h<D±ZZI,zmFt&t:)t>. * 
^-7°3fcS&8tc&A$ft.& TJtffll-f Rtf* 1 c7)7'n 
-y*Wf7-iJIBL*J J; a KLTfc< i fc#M£ 

W—P^MWt&tzMZJ^—^yhu—? 1 8£ 
[008 1] ^^-3yho-7l82SltX2 0{i©JfflI|H] 

ll2 2teJ:D@itfW»3;h.4. {&W0S&2 2JJ;. mt 

03feft^-o--a5^s^s^^-^-^ 2 6 ^ai^fi^-t 
a# . n-?-*- * 2 6 icj: 

; t v- < & & J: d tc^ =i y h o- 5 1 8 &tf 

2 0<7)^<tt,^-fix*>-*-S:$'lffll-r.&. ^Ott;bD 
J=; SijfflI[Ml«S2 2{i. ffli.fcf. ##T?28teJ:»)Sll 

<03m2^^SBl<^rn--y36f:a!rtlSfcm*$*i.*3l£ 

[0082] ^^ia^jePtCi 1 ?. NOLMK7VU- 

[0 0 83] — 3&\ NOLM2C0K)f^t. 

*^ %<7)jV~T%&8lzmAZti&*®ft{6^8Xfm2 
<F>7u -7 JtWV-^m® m& XolzLXiKZb 

7%<r» V7— P 2 5-i^S6"f 4 taftte^v- 3 y v o- 5 

3 2£t£H\ 4»IH^#W<7-P S » fcMttTifcftfc: 
ys-V-^y>n-5 34£i£W"tv>|>. 

-73 2&l^3 4iO#^i:LT{±, ^3tT /f-*-^ 

[00 84] JSy-a>hX3~-732Mf : 3 4tefflW\°} 
»2 2tC«fcOSi»«l»S^S. $ijffl«&2 2f;i. «£ 
if. 3t*T5 3 6CJ:0lli2«3l£»436»fe«iai$*Lfcai 

^V~ayha-y3 8l,zX'0tktii^tlfziii^ 
jl^w-jWt* < ? i^tv- 3 y h n— 7 3 

2&0 f 3 4<7)i!,-&< tt>V^*v-^$iJffllf -e<5D 



9J& 1 <Wl»2jfc&»2«07n-73l£fc«fflSfct«J§ 
iiS#o>-*£gW- & ^y-^E- ^ 4 2 OtHTJff 

2ti0^ai$it3t^y-^/h$< 

J: 3 tevsv-a y h n-7 3 2 &tf 3 4 <t>4-& < b 

[0 08 5] C<50<ta^lJWci NOLM2CO;1^- 
^mfW.2<ryrxi-~f%<n^ts:< b b\vftifrT<jjM 

[0 0 86] NOLM 11CJ3V>T, W>\OTTu-7%^ 
■f&KMz^ %-74)V-9AA, 4 6StJf4 8*^t^iX 

rv>4'. ^7-f/u^4 4Ji. ^T7 675^;i^-rm 

8fc:ziA£*i.S^ 1 WTD-^t^fflSfSfcft^t 
<7- n y h o- 5 1 8 1& 1 2 1 <Dfal IzWrt t>ti 
X^t. ft? </is?44tlXlt. m 1 <ryTu—-f%<n 

(BPF) %m^&Zbti i X'$&. 
[00871*7^^4611 3fo&T7 1 2*ftLX 

)V-rmi 8 tc«A§ iih AJiz/tmmzwm § -tir^JtA 
{=, nv-rtyYu~ : y2Q't%3<Mmi Obcoffiiz 

mit>tlXU&. %7J)\s?4 6blX&. A7J3tfl-^ 

v^iSH l corn-7'3t^jfe^A 1 *-*trffljh#l*& 

*-r^7t^ffiih7^7U7 (bsf) zm^zzbtfx- 

[0088] a 3K#«HjJ:7 ff fcJBvxfc 

AA*S#ttHRfcfi2Sfc J: OAS EJt#^ff -,Ti3 
0 . 4»ISBt<i^>»ft A i «iS»m A S E ^WO^i 

[0089]3fe7-fi^48ti, NOLM1CO;P— 7°3fe 

fflS-tftfcftt:, m2c7) 7 tSS4^«!$tl-r^-l. <> 
-f ^4 8 b LT»i+ia*lt#«*JU, ^-t-Oiljg^ 
«**^*3lHW«Bft7 < ^^^v^iATJ^fi-^co^ 

[ o o 9 o 3 i )\s?<nmmrm&w$m±&M 
fij: o fcOi^t/A^. #7 < )i>? b ixitmmfc^mm 

[0 09 1 ] NOLM2CSHT, l^2c?)7a-73fc. 
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1-£*>tf>C *7^^5 0, 52&tf54#fflV^*l 

ffi8^A5^H2tf07'c?-7'3etc#ffl$-fr-S/;«> 

(t£>itTV">-&„ ft7-f/k?5 Oi :LTt±. ^2c07°o- 
[0 0 92] Jt7 l 5 2\t. 3e*7*7l 2*ftLX 

tv-rm, 8 izmxztih *fflm^£ttPa 

(c, M or 7-3>Nn-7 3 4i:ll3<0^Sll 0k<7W,z 
mil>tlX^&. ft7i)V?52k tXit. H2<07°n 

-7MfeHA 2 £#t^±^s£w^&ftMSi:7 

[0 0 93] 3fc7 4)1? 5 Alt. JV—7°%8&8frt>y£$ 

[oo94]^. #7 4 fo?(Qffimt!m^i±m.jkmm 
xm^(n*»m.g:iz~m-& . #7 ^ /i^tftfii&ii^x 

it. mnfa$>mj&7 < . 7t<<>w-t4v?7 
<fr?mzm^zzttfx-%?>. 

[0095] H9 \i*WMz J; h l/7.rX>-<r>mmWk 

5 6 te . HI <7)7"n-y^^£OA7J^- h 5 6 A 
(NOLMlc7)|glc03t*&2^jS) S2<07Q- 

73fcA7t*<OA7J;K-V5 6B ( N O L M 2 cOgl 1 Oft 

S& 2 fc»JE) i: , A7J3tfi-t<7)^^A7J^- h 5 6 C 
(NOLMl«J(S3(03fcS&l 0tC*«$) fc. JiiTJ^fi-^ 

<0fcft«ai7JJK- h 5 6 D (NOLM2tfOH2CO*SS4 

[ 0 0 9 6 ] A7J;tf- h 5 6 Atlil 1 OTU-^ft}® 
5 8*^$ix-Cfci9, 5KlI5 8A^ai7J§il^lll^ 

r d- 7** < a&i a , ) 5 6 izm& § ix 

& . A*^- h 5 6 b win 2 c^ro-y^iige 0 

MZtLxa"). 3t?S6o*^aj73S^H2<orn-y 

[0 0 97] A7)^-h5 6C«ilSl«D3K7r-YAfE 

&s&6 2nm^iira 0 . *7r^^W6 2 izx 

6lZ&teZtl&. ttJ^it-b5 6DK{±H2«D3t7r^ 



(i^s^sa5 6*^ai7j$tL^tti7j7i£fi-t <a«A 

[0 0 98] ft7 r^GaS* 6 2(0 AflJgfcli, A7J 

*a*t3C7r-f ^fisiM»6 2izffifrt&7tmim <t 

X) 6 6**««S*tTtiO, ft7 7-f;'Mg&6 40ft 

aSfcHU *7r>f A^»64*cJ:0fiiSS*ifc!il*' 
3Ht#£»*4*£«li (RX) 6 8A*g§ig££*rr^ 

[0099] 6-fc*iJt63e®-%<0SaWH£fc 
LTt±, 0"J;tif3flS(® (3UK) -TO 

[0 100] ft7rJJ<ttm(> 2RV6 4<7)&*tL 
TfcL *— «-K«i/'J*7T^^ 1. 3,um^fr#fc 
7T-f^\ 1. 5 5,um#i^7K7r--r^£ffl^& 

[0101] $Jg^^M5 6i;:fcVvCNOLMl.&tf 
N0LM2O&*c^l«ft^Sfc LTffiu£>*lSH 
NL-DSF H^idlAU ^CO*- K7 4 
H^«7r^ ^froMS 6 2 3Xf 6 4 60^-^ (7)*- 

K7^-;l/H@J:0t/h$<-t : l»^fc^J;oT. HNL 

[0 10 2] C^>-7.^AtCj:|,t. 5S^S^B5 6 

[0103] EB^iLifrVW. ^7r-f^>'fsiM^6 2S. 

r-f ^«IS (EDFA) #fflV>i$>*iX^S*£, 

9^§ii6yXrAtli > fT5* LtiWffimBmW. 5 6 
fcts»t6JB^3B«^*St§WJE<OKafc8er»-C, SN 

[0104] £cons6^®T'{±, m&mm?£W5 6 s-^ 

7r^Vs-{g3M^6 2atf6 4<^IHt»trC>*»«l»i: LT 
fflV>TV^&*». 3feSft«6 8C0l*lSSBKV>ii^Oig^^2|5: 

[0105] H^tiL=firV^, H9(^§^iS^-rA 
it. 167 J<fiM3$ 6 2Rtf 6 4 <?)'J,-%:< tt^-fix 

*^*«o^ sr mart & fc«xo*iwiMia * stcfii t x 

i-oT, 3K7r>fAfKiS|»T'*tSjS«#a&«lJffi-rs 

£ t h <r>x\ m$m<vijs&mmiz% h . 
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[01063 *mifc£hmm<rtmmm,zii^x\t. 

If. m 1 cr>y°\3—7ftb LTCW3fc£ffli\ m2<y)7°n 

Wf&nm&bMzZW) 9 A $ y^fgSrfflV^^ t \z 
• r 3 R j {±|?Jfi L 2 R&tf U * 4 5 V ^SBfcf ft 

2«orn-y3t2rCW5tfcLTtftVVL. ®1 
Atf* 2 WTO— 73^W2r*3te/'W'.*tC l/C t> A^. 

[ o i o 7 ] hi o^miizx&gmwmAm&Mn 

.iS«7 42StT/ra-^3K«7 6 *ffl£-CV^S. 36«-«35 
7 0 fcli, 7H LT<o^^B»B**S& 
£££ OSBWQIX^fSf*, ftT^TfcjtS 
tclgi t T C9ftT V?cr> A S E 3£#<0£«f C J: 0 

. *v *i±«*$hwwc x. jo *j <y 9 -wmm. l 

*ai 1 atra 2 w^^t^nsrrs . m 1 mm 2 com 
^Mt-ttiwi? a v?m±& 7 2&x/mmmmzw. 1 

4tZ&teZtl&. ?av?n&3s7 2tei*&Ztlfzm 

coxi) mmtizm %?uy?> *)vx iftszt & , c\z.x 
a s mf t s Tft 0 . ? o >y ? ; ^^«a*av«aaR(i 

^g74£#H&£:f7.6. 

[0108] wsmmmj 4 li. 7-n-y^as7 6 
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